with satellite observations. We found that the mean streamflow generated by using the 2005 land 34 use map decreased in comparison with that using the 1980 one, with the same meteorological 35 forcings. Of particular interest here, we found the streamflow decreased in agricultural land but 36 increased in forest area. More specifically, the surface runoff, soil flow and baseflow all decreased 37 in agricultural land, while the soil flow and baseflow of forest were increased. To investigate that, 38 we then designed five scenarios including (S1) the present land use (1980), (S2) 10%, (S3) 20%, 39 (S4) 40% and (S5) 100% of agricultural land was converted into forest. We found that the 40 streamflow consistently increased with agricultural land converted into forest by about 7.4 mm per 41 10%. Our modeling results suggest that forest recovery constructions have positive impact on both 42 soil flow and base flow compensating reduced surface runoff, which leads to a slight increase in 43 streamflow in the Wei River with mixed landscapes of Loess Plateau and earth-rock mountain. 44
with satellite observations. We found that the mean streamflow generated by using the 2005 land 34 use map decreased in comparison with that using the 1980 one, with the same meteorological 35 forcings. Of particular interest here, we found the streamflow decreased in agricultural land but 36 increased in forest area. More specifically, the surface runoff, soil flow and baseflow all decreased 37 in agricultural land, while the soil flow and baseflow of forest were increased. To investigate that, 38
we then designed five scenarios including (S1) the present land use (1980), (S2) 10%, (S3) 20%, 39 (S4) 40% and (S5) 100% of agricultural land was converted into forest. We found that the 40 streamflow consistently increased with agricultural land converted into forest by about 7.4 mm per 41 10%. Our modeling results suggest that forest recovery constructions have positive impact on both 42 soil flow and base flow compensating reduced surface runoff, which leads to a slight increase in 43 streamflow in the Wei River with mixed landscapes of Loess Plateau and earth-rock mountain. 44
Introduction

45
Since 1999, China's Grain for Green project has greatly increased the vegetation cover 46 (Chen et al., 2015) and the total conversion area reaches 29.9 million ha until 2014 (Li, 2015) . 47
And the proposals are to further return another 2.83 million ha farmland to forest and grassland by 48 2020 (NDRC, 2014). The establishment of either forest or grassland on degraded cropland has 49 been proposed as an effective approach to mitigating climate change because these types of land 50 use can increase soil carbon stocks (Yan et al., 2012; Deng et al., 2013) . Implementation of large 51 scalar Grain for Green project is undoubtedly one type of geoengineering which not only mitigates 52 climate change but also is expected to alter hydrological cycle. 53
Some researchers have urged a cessation on Grain for Green expansion on the Loess Plateau 54 of China and argued that continued expansion of revegetation would cause more harm than good 55 to communities and the environment (Chen et al., 2015) . One important reason was that the Grain 56 for Green project lead to annual streamflow of the Yellow River declining (Chen et To interpret the controversial results, it was argued that the impact of vegetation on annual 73 streamflow depends on watershed area and the relationship between them was negative in smaller 74 watershed and positive in larger watershed (Huang et al., 2009; Zhang, 1984) . Some researchers 75 indicated tree planting has both negative and positive effects on water resources and the overall 76 effect was the result of a balance between them, which were strongly dependant on tree density 77 (Tobella et al., 2014) . Some results showed that regions of increasing streamflow with forest 78 usually occur at high latitude area (Huang, 1982) . The speculation was that snow may be blown 79 away or to wooded areas from woodless area, which could enhance the coefficient of streamflow 80 but these factors would be weaker over low to middle latitude than that in high latitude (Huang, 81 1982 The Wei River is one main branch of the Yellow River and has been widely implemented soil 87 and water conservation since the 1980s (Fig. 1) rainfall into streamflow. On the Loess Plateau, it was found that there is a drying layer of soil 95 underneath forest with a depth of over 1 m to 3 m from the soil surface. And that drying layer is in 96 great water deficit, which prevents gravitational infiltration of rainfall and replenishment of 97 groundwater. So forests on the Loess Plateau reduced streamflow as the results of increased 98 retention of rainfall and reduced recharge into ground water (Li, 2001; Tian, 2010) . But for 99 earth-rock mountain landscape, vegetation grows on thinner soil layer of rock mountain, which is 100 apt to be saturated and produce soil flow on relatively impermeable rock. So the streamflow in 101 wooded areas might be larger than that in adjacent woodless areas. Under this situation, forests 102 may have positive impact for producing streamflow (Liu and Zhong, 1978) . 103
To investigate that, we develop hydrological experiments based on the widely used SWAT 104 model and observed hydrological/meteorological data and land use data in the Wei River. We aim 105 at understanding possible impact of revegetation constructions, especially the forest restoration on 106 streamflow and its components in the Wei River, which is not only the largest branch of the 107
Yellow river but also with very mixed landscape with the loess plateau and earth-rock mountain. 108
In Sect. 2, we describe the study area and data. In Sect. Based on the soil data, the distribution of earth-rock mountain in study area is drawn as Fig.  143 4(b). There were 83 soil types in the study area and 15 of them are composed of earth and rock 144 involving 70 HRUs (Table 1) subbasin outlets and one whole watershed outlet was defined. The study area was divided into 308 187 subbasins (Fig. 2) . The land area in a subbasin can be further divided into the HRUs, which is the 188 basic computing element of the SWAT model. In this study, a subbasin was subdivided into only 189 one HRU that was characterized by dominant land use and soil type. Then the daily 190 meteorological data including temperature, relative humidity, sunshine duration, wind speed, 191
rainfall were input and all data were written into database building and modification to force the 192
For evaluating the performance in the model calibration and validation, we use the R 2 and NS 194 coefficient to evaluate the performance rating of the model (Nash and Sutcliffe, 1970) (Equation 195 (1) & (2)). 196 
Calibration and validation of the SWAT model
206
We setup the SWAT-CUP procedure for the sensitivity analysis, calibration and validation in 207 our study (Abbaspour, 2007) . The sensitivity analysis is carried out by keeping all parameters 208 constant to realistic values, while varying each parameter within the range assigned in step one. 209
The sensitive parameters were calibrated using LH-OAT (Latin-Hypercube-One Factor-At-a-Time) 210 method of the Sequential Uncertainty Fitting (SUFI2) program (Abbaspour, 2007; Xu et al., 2012) . 211
And the t-stat and p-value were used to evaluate the sensitivity of parameters. The t-stat is the 212 coefficient of a parameter divided by its standard error and the larger values are more sensitive. 213
And the p-value determines the significance of the sensitivity and a value close to zero means 214 more significant. The most sensitive (seven) parameters were selected by the SWAT-CUP module. 215
Combined with previous research in Wei River, two additional parameters (SOL_K and 216 GW_DELAY) with the seven parameters were selected in this study (Table 2) . 217
Hydrol Hydrol Overall, the streamflow decreased in agricultural land and increased in forest area. 282 We present the distribution of average streamflow change under S2 ~ S5 scenarios compared 295 with S1 scenario in Fig. 8 . It shows that the streamflow generally increased when the land use 296 converted from agricultural land into forest in the upstream. And Fig. 9 shows the corresponding 297 proportional change rate of streamflow at the Linjiacun, Weijiabu and Xianyang stations for its 298 annual average and annual average over non-flood season (Jan -Jun and Nov -Dec). Compared 299 with the S1 scenario, the annual average streamflow increases in the non-flood season were 300 12.70 %, 11.21 % and 9.11% for the Linjiacun, Weijiabu and Xianyang stations with per 10% area 301 of agricultural land converted into forest. Interestingly the average annual streamflow increases 302 were 11.61%, 21.63%, 42.51% and 109.25% for S2, S3, S4 and S5 scenario respectively ( LUCC would lead to less than 1% change in the streamflow, which is negligible. 306
Hydrological experiments on the impact of conversion of
To be more comparable, Fig. 10 shows the distribution of the annual runoff coefficient with 307 the scenario changed from S1 to S5. The spatial variability in mean runoff coefficient is large, 308 which ranges from 0.03 to 0.68 and increased with more forest converted from agricultural land. 309
The annual average runoff coefficient of study area increased from 0.21 to 0.37 with forest area 310 increasing from S1 to S5 (Fig. 11) . On average, the runoff coefficient increased about 0.014 (i.e., 311
1.4% of rainfall transformed into streamflow) with per 10% area of agricultural land converted 312 into forest. 313
The landscape of the Wei River is mixed with the Loess Plateau and earth-rock mountain 314 landscapes, which induce different mechanisms of transforming rainfall into streamflow. The 315 earth-rock mountain area accounts for 24.03% of study area (Fig. 4 (b) ). In earth-rock mountain 316 area, vegetation grows on much thinner soil layer over the earth-rock mountain. The thin soil is 317 apt to be saturated and produce more soil flow on relatively impermeable rock, hence the 318 streamflow in wooded areas is larger than that in adjacent woodless areas favoring streamflow 319 production (Liu and Zhong, 1978) . On the contrary, in Loess Plateau there is exiting a drying layer 320 of soil underneath forestland in great water deficit. Together with much thicker soil layer on the 321 Loess Plateau, it usually prevents gravitational infiltration into groundwater and reduces 322 streamflow recharge (Li, 2001; Tian, 2010) . So the complication is that the overall effect of forest 323 on the streamflow is in fact a balance between earth-rock mountain positive and Loess Plateau 324 negative effects on the streamflow. 325
Combined with the spatial distribution of precipitation (Fig. 5 (a) ), we can see earth-rock 326 mountain landscapes are mainly distributed in regions with more rainfall. To be precise, the whole 327 earth-rock mountain area located where rainfall was greater than 500 mm/yr and over 62% of the 328 study area where the annual rainfall is greater than 600 mm was in earth-rock mountain. 329
Meanwhile, the river network over the earth-rock mountain is denser and most of tributaries in the 330 earth-rock mountain are close to the main stream of the Wei River. Moreover, there distribute a lot 331 of developed gravel riverbed in piedmont, sandy soil along the river and its groundwater level is 332 shallow, which facilitate rainfall infiltration and recharging streamflow. Therefore although the 333 area of earth-rock mountain accounts for 24% of the study area, its distribution areas are 334 concentrated in the main regions of streamflow yield of the study area. Therefore the overall result 335 of balance among all factors was that the forest constructions have positive effect on streamflow. 336
Impact of conversion of agricultural land to forests on baseflow
337
In Fig. 9 (a) , one important point is that the average increase in the non-flood season was 338 about 1.41 times larger than the annual increase of the streamflow. To understand that, Fig. 12  339 shows distribution of the baseflow index, i.e., the ratio between baseflow and streamflow, under 340 S1~S5 scenarios. We can see that the baseflow index also increased with land use converted from 341 agricultural land into forest, which means that groundwater contribution to the streamflow 342 increased with the overall increase of forest area. Putting the picture together, Fig. 13 shows the 343 changes of the streamflow and the baseflow under the S2~S5 scenarios minus those under the S1 344 scenario for annual average streamflow and the baseflow in the non-flood season. The average 345 increasing of streamflow and baseflow were 1.14 and 0.98 mm/yr with per 1% increase of forest 346 area respectively. For the non-flood season, they were 0.60 and 0.53 mm. The increase of the 347 streamflow contributed by the increased baseflow was about 88.33% in the non-flood season. So 348 the increasing streamflow was mainly contributed by groundwater with increasing of forest area 349
Hydrol Fig. 10 The distribution of annual runoff coefficient with the scenario changed from S1 to S5. 526 Fig. 11 The annual average runoff coefficient of study area with forest area increasing from S1 to S5. 527 Fig. 12 The distribution of baseflow index under S1~S5 scenarios. 528 Table 1 The soil type and its distribution of earth-rock mountain in study area 568 
